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METHOD OF USING POTASSIUM PERMANGANATE IN WATER ANALYSIS 

This application claims the benefit of Taiwan application Serial No. 
92122431 , filed Aug. 14, 2003. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The invention relates in general to a method of water analysis, and 
more particularly to a method of water analysis for detecting the presence of 
microorganisms in a water sample, including the step of staining the 
microorganisms with potassium permanganate. 

Description of the Related Art 

[0002] There are various complicated processes and impressionable 
procedures for manufacturing all kinds of devices in semiconductor industry. 
One important step of these is cleanliness of a wafer by using deionized water 
in preventing the contaminants on the surface of the wafer during the 
manufacturing processes, such as dust. In order to use water as industrial 
water it is often necessary to free it of impurities or to determine the amount of 
impurities in an aqueous solution. Successful water analysis helps in 

monitoring and controlling quality of deionized water used in cleaning the 
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wafer so that the accuracy and precision of the products can be controlled 
well. 

[0003] Referring to FIG. 1, a flow chart showing a conventional method of 
water analysis, includes steps 101, 102, 103, 104A, 104B, 104C, 104D, 105A, 
5 105B, 105C, 105D, 106A, 106B, 106C, and 106D. Each essay is performed 
in triplicate. In the step 101, four bio-membranes 1a, 1b, 1c and 1d are 
provided and the pore size of the bio-membranes 1a, 1b, 1c, 1d is about 0.3 
pm in diameter. Next, in the step 102, four water samples, one of which with 
100 milliliters (ml), are provided, each water sample is filtered through a 
10 corresponding bio-membrane 1a, 1b, 1c, 1d, respectively, with the aid of a 
vacuum filtration technique. The microorganisms are thus trapped by the 
bio-membranes. Then, in the step 103, microorganisms on the 
bio-membranes 1a, 1b, 1c, 1d are cultivated at about 30°C with 2 ml of 
nutrient solution on each bio-membrane. 

15 [0004] The microorganisms trapped on different bio-membranes are 
cultivated for different time period. For example, the microorganisms on the 
bio-membrane 1a is cultivated for 24 hours (hrs), in the step 104A; the 
microorganisms on the bio-membrane 1b is cultivated for 48 hours, in the step 
104B; the microorganisms on the bio-membrane 1c is cultivated for 72 hours, 

20 in the step 104C; the microorganisms on the bio-membrane 1d is cultivated 
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for 96 hours, in the step 104D. 

[0005] At the end, in the step 105A, 105B, 105C, 105D, take count of 
microorganism colonies on the bio-membranes 1a, 1b, 1c, and 1d respectively, 
under a microscope. Microorganism population is determined according to 
5 amounts of readable microorganism colonies. Also, in the step 106A, 106B, 
106C, 106D, take photographs under the microscope, and then FIG 3A, FIG. 
3B, FIG 3C, and FIG 3D are obtained as micrographs of the bio-membrane 
cultivated for 24 hours, 48 hours, 72 hours and 96 hours, respectively. 

[0006] However, one may notice that the microorganisms on the 
10 bio-membranes 1a, 1b, 1c, 1d are indistinct and difficult to be identified when 
the microorganisms cultivated for different time period are directly examined 
under the microscopy, as shown in FIG 3A, 3B, 3C and 3D. In particular, the 
microorganisms are very tiny so that it is difficult to identify and determine 
current amounts of readable microorganism colonies when the microorganism 
15 colonies are aggregate on the bio-membranes 1a, 1b, 1c, and 1d. Therefore, 
it is necessary to provide a method for easily detecting the presence of 
microorganisms in a water sample in order to shorten the time of the 
semiconductor manufacturing processes. 
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SUMMARY OF THE INVENTION 

[0007] In view of the foregoing, it is therefore a method of water analysis of 
the present invention is provided for easily detecting the presence of 
microorganisms in a water sample. The invention also improving 
5 microorganism discrimination by staining the microorganisms with potassium 
permanganate (KMn0 4 ). 

[0008] The invention achieves the above-identified objective by providing a 
method of water analysis, for detecting the presence of microorganisms in a 
water sample, including the steps of (a) providing a bio-membrane as a filter; 
10 (b) filtering out the microorganisms in a water sample, using the 
bio-membrane; (c) cultivating the microorganisms on the bio-membrane; (d) 
staining the microorganisms on the bio-membrane with potassium 
permanganate (KMn0 4 ); (e) rinsing the bio-membrane with purified deionized 
water; and (f) counting microorganisms. 

15 [0009] Other objects, features, and advantages of the invention will 
become apparent from the following detailed description of the preferred but 
non-limiting embodiments. The following description is made with reference 
to the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 (Prior Art) is a flow chart showing a conventional method of 
water analysis. 

[0011] FIG. 2 is a flow chart showing the method of water analysis in 
accordance with a preferred embodiment of the invention. 

[0012] FIG. 3A is a micrograph of the bio-membrane cultivated for 24 hours 
in accordance with the conventional method of water analysis in FIG. 1. 

[0013] FIG. 3B is a micrograph of the bio-membrane cultivated for 48 hours 
in accordance with the conventional method of water analysis in FIG. 1 . 

[0014] FIG. 3C is a micrograph of the bio-membrane cultivated for 72 hours 
in accordance with the conventional method of water analysis in FIG. 1. 

[0015] FIG. 3D is a micrograph of the bio-membrane cultivated for 96 hours 
in accordance with the conventional method of water analysis in FIG. 1. 

[0016] FIG. 4A is a micrograph of the bio-membrane cultivated for 24 hours 
in accordance with the preferred embodiment of the invention in FIG. 2. 

[0017] FIG. 4B is a micrograph of the bio-membrane cultivated for 48 hours 
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in accordance with the preferred embodiment of the invention in FIG. 2. 

[0018] FIG. 4C is a micrograph of the bio-membrane cultivated for 72 hours 
in accordance with the preferred embodiment of the invention in FIG. 2. 

[0019] FIG. 4D is a micrograph of the bio-membrane cultivated for 96 hours 
5 in accordance with the preferred embodiment of the invention in FIG. 2. 

[0020] FIG. 5, a diagram of identify rate vs. time (days after cultivation) 
curves. The values shown were mean value of triplicate. 

[0021] FIG. 6, a micrograph of the bio-membrane in accordance with the 
invention, shows that the maximum readable microorganism colonies stained 
10 by the method of the invention is about 184.43 |jm in diameter when seen 
through the microscope, of which the power of magnification is 500X. 

[0022] FIG. 7, a micrograph of the bio-membrane in accordance with the 
invention, shows that the minimum readable microorganisms stained by the 
method of the invention is about 39.10 pm in diameter when seen through the 
15 microscope, of which the power of magnification is 1000X. 

DETAILED DESCRIPTION OF THE INVENTION 

[0023] The present invention now will be described more fully hereinafter 
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with reference to the accompanying drawings, in which preferred 
embodiments of the invention are shown. This invention may, however, be 
embodied in many different forms and should not be construed as limited to 
the embodiments set forth herein; rather, these embodiments are provided so 
5 that this disclosure will be thorough and complete, and will fully convey the 
scope of the invention to those skilled in the art. Like numbers refer to like 
components throughout. 

[0024] Potassium permanganate (KMn0 4 ) is a dark purple crystalline 
compound, used as an oxidizing agent and disinfectant and in deodorizers 

10 and dyes. One of the characteristics of the present invention is that the 
microorganism colonies in the water sample are stained with 0.02 M 
potassium permanganate. As a result, the dyed microorganism colonies on 
the bio-membranes become dark brown and can therefore be easily identified. 
In spite of potassium permanganate, the strong oxidizer, kills all dyed 

15 microorganisms, the current amounts of the microorganism colonies can still 
be determined straightforward. 

[0025] Referring to FIG. 2, a flow chart showing the method of water 
analysis in accordance with a preferred embodiment of the invention, includes 
steps 201, 202, 203, 204A, 204B, 204C, 204D, 205A, 205B, 205C, 205D, 
20 206A, 206B, 206C, 206D, 207A, 207B, 207C, 207D, 208A, 208B, 208C, and 
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208D. Each essay is performed in triplicate. In the step 201, four 
bio-membranes 2a, 2b, 2c and 2d are provided and the pore size of each of 
the bio-membranes 2a, 2b, 2c, 2d is about 0.3 pm. Next, in the step 202, 
four water samples, one of which with 100 milliliters (ml), are provided, each 
5 water sample is filtered through a corresponding bio-membranes 2a, 2b, 2c, 
2d, respectively, preferably with the aid of the vacuum filtration technique. 
The microorganisms are thus trapped by the bio-membranes. Then, in the 
step 203, microorganisms on the bio-membranes 2a, 2b, 2c, 2d are cultivated 
at about 30°C with 2 ml of nutrient solution on each bio-membrane. 

10 [0026] The microorganisms trapped on different bio-membranes are 
cultivated for different time period. For example, the microorganisms on the 
bio-membrane 2a is cultivated for 24 hours (hrs), in the step 204A; the 
microorganisms on the bio-membrane 2b is cultivated for 48 hours, in the step 
204B; the microorganisms on the bio-membrane 2c is cultivated for 72 hours, 

15 in the step 204C; and the microorganisms on the bio-membrane 2d is 
cultivated for 96 hours, in the step 204D. 

[0027] Further, in the steps 205A, 205B, 205C, and 205D, the 
microorganisms on the bio-membranes 2a, 2b, 2c, 2d are separately stained 
by using potassium permanganate (KMn0 4 ), with a concentration of 0.02 M 
20 (mole per liter), preferably for about 10 to 30 seconds. Next, in the steps 
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206A, 206B, 206C, and 206D, the bio-membranes 2a, 2b, 2c, 2d are rinsed by 
using purified deionized water to wash KMn0 4 out. 



[0028] At the end, in the step 207A, 207B, 207C, 207D, take count of the 
microorganism colonies on the bio-membranes 2a, 2b, 2c, and 2d respectively, 
5 under a microscope. Microorganism population is determined according to 
amounts of readable microorganism colonies. Also, in the step 208A, 208B, 
208C, 208D, take photographs under the microscope, and then FIG. 4A, FIG. 
4B, FIG. 4C and FIG. 4D are obtained as micrographs of the bio-membrane 
cultivated for 24 hours, 48 hours, 72 hours and 96 hours, respectively. 



10 [0029] Table 1 is a list of two experiment results of the conventional 
methods and of the method of the invention. 



table 1. 



RESULTS 


readable microorganism 
colony no. vs. time 


1a 
(24hrs) 


1b 
(48hrs) 


1c 
(72hrs) 


1d 
(96hrs) 


conventional 
method in 
FIG. 1 


readable microorganism 
colony no. 


8,11,14 


26,30,28 


50,52,49 


50,54,56 


average no. of readable 
microorganism colonies 


11 


28 


50 


53 


identify rate (%) 


20.75 


52.83 


94 


100 


method of 
the present 
invention in 
FIG. 2 


readable dyed 
microorganism colony no. 


41,39,36 


47,52,48 


51,53,54 


52,56,58 


average no. of readable 
dyed microorganism 
colonies 


39 


49 


53 


55 


identify rate (%) 


70.91 


89.09 


96.36 


100 
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[0030] Further, a diagram of identify rate vs. time (hours after cultivation) 
curves is achieved as FIG. 5 in accordance with the data in Table 1. 
According to the result shown in FIG. 5, assumed that trapped 
microorganisms grow up to their maximum no. after cultivated for 96 hours, 
and the identify rates of the bio-membrane 1d, 2d are both defined as 100%. 
Then the identify rates of the bio-membrane 1a, 1b, 1c are obtained by 
dividing the average no. of readable microorganism colonies on the 
bio-membrane 1a, 1b, 1c by the average no. of readable microorganism 
colonies on the bio-membrane 1d, respectively. Also, the identify rates of the 
bio-membrane 2a, 2b, 2c are obtained by dividing the average no. of readable 
dyed microorganism colonies on the bio-membrane 2a, 2b, 2c by the average 
no. of readable dyed microorganism colonies on the bio-membrane 2d, 
respectively. In Table land FIG. 5, the identify rate of the bio-membrane 
1b cultivated for 48 hours is about 53%, but the identify rate of the 
bio-membrane 2b cultivated for 48 hours is about 89%. The identify rate of 
the bio-membrane 2b cultivated for 48 hours has increased by about 37 % as 
compared with the identify rate of the bio-membrane 1b cultivated for 48 hours. 
Thus, the method of using potassium permanganate in water analysis 
according to the present invention can efficiently reduces the time that allow 
about 90% identify rate to be obtained. 
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[0031] FIG 6 and FIG 7 are two micrographs of the bio-membrane in 
accordance with the invention. It is shown in FIG 6 that the maximum 
readable microorganism colonies dyed by the method of the invention is about 
184.43 urn in diameter when seen through the microscope, of which the 
power of magnification is 500X. In addition, the minimum readable 
microorganisms dyed by the method of the invention are about 39.10 um in 
diameter when seen through the microscope, of which the power of 
magnification is 1000X, as shown in FIG 7. Thus it is vary clear that the 
present invention can easily detect the presence of microorganisms in a water 
sample during the semiconductor manufacturing processes, using potassium 
permanganate as dyes. 

[0032] In summary, the present method of using potassium permanganate 
in water analysis possesses the advantages of time-saving and ease for 
detecting the presence of microorganisms in a water sample during the 
semiconductor manufacturing processes compared with the conventional 
method. Also, the present method is an economic method for identifying the 
microorganism colonies because of the low prices of potassium 
permanganate. 



[0033] While the invention has been described by way of example and in 
terms of a preferred embodiment, it is to be understood that the invention is 
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not limited thereto. On the contrary, it is intended to cover various 
modifications and similar arrangements and procedures, and the scope of the 
appended claims therefore should be accorded the broadest interpretation so 
as to encompass all such modifications and similar arrangements and 
5 procedures. 
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